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Certain  strains  of streptococci,  when  grown  on blood  agar  plates,
produce  a  green  color  about  the  colonies,  a  characteristic  which
serves  to  differentiate  them  from  other  strains  which  produce  a
clear  hemolytic  zone.  It  has long  been  recognized  that the  change
produced  in the  blood  by  these  streptococci  is  a  transformation  of
oxyhemoglobin  to methemoglobin,  and it  is  this metabolic  function
which serves to identify  them as belonging  to the type now generally
called Streptococcus viridans.
A similar transformation of oxyhemoglobin to methemoglobin is caused by the
pneumococcus.  Cole1 has studied the nature of this reaction  and has found that
it  occurs  only when  the  pneumococci  are living  and,  furthermore,  only  in  the
presence  of certain  nutritive  materials,  although  this material  need  be  present
only in  very minute  quantities.  He  concludes  that  the  process  is  due to  the
alteration  of the  oxidative  processes  by  the  pneumococci  in  the vicinity  of the
red blood  cells and not  to the  production of any injurious substance  capable  of
isolation;  and  therefore  that the  pathological  effects  of bacteria on other  tissue
cells may be due to disturbances in oxidation  in the immediate  neighborhood  of
the bacteria and not necessarily  to the action of a definite poison.
The part which  Streptococcus viridans plays  in  human  pathology
is becoming increasingly  evident and for that reason it has seemed of
value to investigate its method of action.  The nature of the reaction
during which methemoglobin  is formed  is readily available  for study,
and  it  has been  the purpose  of  this  work to  determine  whether  this
function  of  Streptococcus viridans is  the  same as  that possessed  by
the pneumococcus.
1 Cole,  R., J. Exp. Med.,  1914, xx, 363.
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Methods.
Measured  amounts  of  cultures  of  Streptococcus  viridans  were
added  to  1 cc.  of  a  5 per  cent  normal  saline  suspension  of  washed
sheep  red  blood  corpuscles  in small test-tubes  under  many different
environmental  conditions.  These  mixtures  with  suitable  controls
were  incubated  in a water bath at 37°C.  for varying periods  of  time
as  the  requirements  of  the experiments  demanded.  Methemoglobin
formation  was  considered  to have taken  place when  the red color  of
oxyhemoglobin  was  changed  to the  brown  color  of  methemoglobin,
and  the  results  have  been  recorded  throughout  as  follows:  ++
indicates  complete  transformation  of  oxyhemoglobin  to  methemo-
globin;  +  indicates  moderate  methemoglobin  formation;  +-  indi-
cates  slight methemoglobin  formation;  - indicates no demonstrable
change.
Preliminary  experiments  showed  that  the  most  satisfactory  cul-
ture medium  for use  was  plain  ascitic bouillon  (peptone  2 per  cent,
bouillon 4 parts, ascitic fluid 1 part, reaction 0.3+  to phenolphthalein)
and this has been used throughout.  Such  a medium  in itself has no
effect  on  sheep  red  blood  corpuscles;  Streptococcus  viridans grows
abundantly  and  rapidly  in  it; and  an  acidity  sufficient  in itself  to
transform  oxyhemoglobin  into  methemoglobin  is  never  produced,
such as  occurs when a culture medium containing  dextrose  is used.
Many  different  strains  of  Streptococcus viridans have been  tested,
isolated  from  various  sources,  such  as  acute  tonsillitis,  broncho-
pneumonia,  malignant  endocarditis,  alveolar  abscesses,  etc.  No
significant  difference  in the action of different  strains has occurred.
EXPERIMENTAL.
To determine whether  living streptococci  were  necessary  to  cause
methemoglobin  formation,  paralle.  tests  with  living  cultures,  cul-
tures  killed  by  exposure  to  580C.  for  30 minutes,  and  with  culture
medium  from  which  the  streptococci  had  been  removed by centrif-
ugalization were  made.  The results are shown  in Table I.
These experiments  have been  repeated  many times and  have con-
stantly  shown  that  methemoglobin  is  formed  only  in  the  presence
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TABLE  I.
Methe-
moglobin
Tube  No.  Material used.  formation,
2 hrs. at
37°C.
++ 1  1 cc.  Culture E3 +  1 cc. suspension of sheep corpuscles.  in 10 m in  10 min.
2  1 cc. Culture E3  (heated at 58
0C.  for 30 min.)+  1 cc. suspension of
sheep corpuscles.
3  1 cc.  Culture  E3  (streptococci  removed)  +  1  cc.  suspension  of
sheep  corpuscles.
4  1 cc. sterile culture media +  1 cc. suspension of sheep corpuscles.
Culture  E3  is  an  18  hr. ascitic  bouillon  culture  of Streptococcus viridans E3
from  a case of malignant endocarditis.
of  living  streptococci  and  not  by  killed  organisms  or  by  any  sub-
stance produced by the growth  of the bacteria in the culture medium
and separable  from  them.
To determine  the optimum  period of  growth for the production  of
methemoglobin  and  to  discover  whether  this  function  of  Strepto-
coccus viridans  persisted  as long as the organisms  were viable,  or was
associated  only  with  multiplication  of  the  bacteria,  the' following
experiment  was done.  Measured  amounts  of  culture were  added to
washed  sheep  corpuscles  at  frequent  intervals  up  to  60  hours  after
inoculation  of  the culture  medium,  and results  recorded in the usual
way as  shown in Table II.
The  formation  of  methemoglobin  occurred  after  the  culture  had
been incubated for 6 hours and continued at its height up to  18 hours.
After  this  time  the  intensity  of  the  reaction  gradually  diminished
and  finally  disappeared  after  60  hours'  incubation.  Subcultures
made  at this  time  showed  the culture  to  be still  viable.  Numerous
similar  experiments  have  yielded  like  results  with  some slight  vari-
ation in the optimum period for the most active formation of methemo-
globin.  These variations have apparently depended upon the rapidity
of growth  of a given  strain.  From  these experiments  it seems prob-
able that the reaction  is associated  with multiplication  of the  strep-
tococci,  being most intense during  the period  of greatest  growth and
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TABLE  II.
Methemoglobin  formation,  I hr. at 37  C.,  after
incubation of Culture T1 from  3 to 60  hrs. Tube  Salt solu-  Sheep cor-
No.  Culture  T.  tion.  puscles.Hours.
3  6  9  14  18  23  30  48  60
CC.  CC.  CC.
1  1.0  - 1.0  --  +++++++  ++  +  +  -
2  0.9  0.1  1.0  - ++++++++++ +  -
3  0.8  0.2  1.0  - ++  ++  ++++  +  +-
4  0.7  0.3  1.0  - ++  ++  ++++  +  +-  -
5  0.6  0.4  1.0  - +  ++++++  +  -- - _
6  0.5  0.5  1.0  - +  +  +  +  +-+_  -
7  0.4  0.6  1.0  - +-  +  +  +  +-+-+-  -
8  0.3  0.7  1.0  - +-  +-  +-
9  0.2  0.8  1.0  - - +-+-+
10  0.1  0.9  1.0
11  - 1.0  1.0
12  1.  cc.  of
sterile  cul-
ture media.  - 1.0
gradually  disappearing  as  further  multiplication  ceases,  though  the
culture  still remains  viable.
In testing various strains  of Streptococcus viridans in the preceding
experiment  it  soon  became  evident  that  there  was  considerable
variation  in  the  ability  of  various  strains  to  form  methemoglobin.
Much  larger  amounts  of  culture  were  required  with  some  strains
than  with  others  to  cause  complete  transformation  of  oxyhemo-
globin  to methemoglobin  when  tested against  a constant  amount of
sheep  corpuscles.  It  seemed  possible  that  this  variability  might
bear  some relation  to  the  virulence  of  the  strains  or  to  the sources
from which they  were isolated.  Accordingly  titration of  a  consider-
able  number of strains was  done under uniform  conditions.  Dimin-
ishing  amounts  of  12  hour  ascitic  bouillon  cultures  were  added  to
1 cc.  of  washed  sheep  corpuscles,  and  incubated  for 1 hour at  370C.
The  smallest  amount  of  culture  which  caused complete transforma-
tion  of  oxyhemoglobin  to  methemoglobin  was  taken  as  a measure
of the activity  of  a  given  strain  and may  be spoken  of as the methe-
moglobin  titer  of that strain.  A  tabulation  of the results obtained,
with the source  and virulence  of  the strains for  comparison, is shown
in Table III.
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Source.
Alveolar abscess.
Acute  tonsillitis.
Throat, scarlet fever.
"  rheumatic fever.
Acute tonsillitis.
Alveolar abscess.
Acute tonsillitis.
Alveolar abscess.
Throat, diphtheria.
Alveolar abscess.
Pneumonia.
Alveolar abscess.
Acute tonsillitis.
Blood, endocarditis.
Acute  tonsillitis.
Abscess,  pyemia.
Throat,  diphtheria.
Pneumonia.
Alveolar abscess.
Blood, endocarditis.
Mitral valve, endocarditis.
Acute tonsillitis.
r
f
Virulence for rabbits.*
Amount of
culture.
cc.
12
40
5
40
10
4
12
5
5
2
5
2
60
15
5
4
8
50
* Rabbit  inoculations  were  given  intravenously.
Effect.
No effect.
Septicemia; death in 18 hrs.
No effect.
Arthritis.
Septicemia;  deathin 20 hrs.
No effect.
Septicemia; death in 18 hrs.
Acute  pericarditis,  acute
myocarditis,  arthritis.
Aortic  endocarditis,  myo-
carditis,  arthritis;  death
in 18 days.
No effect.
Arthritis.
Septicemia;  death  in  24
hrs.
Mitral endocarditis, appen-
dicitis,  arthritis;  death
in 9 days.
Septicemia;  death  in  24
hrs.
Acute  pericarditis,  acute
arthritis;  death  in  24
hrs.
Septicemia;  death  in  18
hrs.
No effect.
Arthritis.
Measured  amounts  of  24
Culture.
AA3b3 ....
T12d ......
SF1 .......
R1........
TS........
T14.......
AA3a .....
AA3bl....
T1........
AA3b4 ...
Dla  .....
AAlk .....
P8........
P10........
AA1.......
AAj ......
T3........
T4 ........
T14b
E12b .....
T1.......
Tlla......
Dlc ......
P3........
AA2  ......
E3........
E12v2.....
T12b ......
T12c......
Methe-
moglobin
titer.
cc.
1.0
1.0
0.9
0.8
0.7
0.7
0.6
0.6
0.6
0.5
0.5
0.5
0.4
0.4
0.4
0.4
0.3
0.3
0.3
0.3
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.1
0.1
hr. dextrose  bouillon cultures  were  centrifuged  and  the bacterial  sediment  was
suspended  in salt solution before  inoculation.
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Study  of  the  results  shows  no  relation  between  the  source  and
virulence  of  the  different  strains  of  Streptococcus viridans and  their
methemoglobin  titers.  Similar  results  have  been  found  for  hemo-
lytic  streptococci  by  Lyall.2 On  the  other  hand,  the  titer  of  our
strains  seemed  to vary  largely  with  the  abundance  and  rapidity  of
growth  of  a given  strain,  thus lending further support  to the theory
that  the formation  of  methemoglobin  is  a  function  associated  with
multiplication  of  the streptococci.
If  the  formation  of  methemoglobin  is  the  result  of  the  metabolic
activities  occurring  during  the  growth  and  multiplication  of  the
streptococci,  the  reaction  should  take  place  only  under  those  con-
ditions which  are  suitable for  multiplication;  that is,  in the presence
of  nutrient  material.  The following  experiment  has  shown  this  to
be  true.  An  18  hour  ascitic  broth  culture  of  streptococci  was  cen-
trifuged,  the supernatant  fluid  removed,  and  the bacterial  sediment
thoroughly  washed  and  finally  suspended  in salt  solution,  the  sus-
pension  being  prepared  so  that  the  streptococci  were  in  twice  as
great  concentration  as in the original  culture.  This  suspension  was
tested against  sheep corpuscles alone  and  with the addition of ascitic
bouillon,  plain  bouillon,  ascitic  fluid,  meat  infusion,  peptone,  and
dextrose  as  shown  in Table  IV.
It  was  evident  from  these  experiments  that  some  nutrient  sub-
stance  is  necessary  for  the  formation  of  methemoglobin.  Repeti-
tion  of  these  experiments  with  increasing  dilutions  of  the  various
substances  showed  that  relatively  large  amounts  of  ascitic  fluid,
meat infusion,  and peptone  were required  for  the reaction,  but that
methemoglobin was formed rapidly in the presence  of dextrose in great
dilution, even in as small amounts  as 0.5  cc. of  a 1: 1,000 dilution of
a  5 per  cent  dextrose  solution.  Since  the presence  of  such  minute
traces  of  dextrose  is  sufficient  to  bring  about  the reaction,  it seems
possible  that traces  of  sugar  may  have been  present  in the peptone
solution  and  have  been  responsible  for  the  reaction  in  that  case.
Certainly this may have been  so in the experiments  with ascitic  fluid
and meat infusion.
Various kinds  of  sugars  and  other  substances  were  next  tested  to
determine whether  streptococci would produce methemoglobin in their
2Lyall,  H. W.,  J.  Med. Research, 1914,  xxx, 515.
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TABLE  IV.
Material used.  o
1  0.5 cc. bacterial suspension Tl+1 cc.  sheep corpuscles +0.5 cc.  salt solution.
2 0.5""  "  "  T1+1  "  "  "  +0.5  " ascitic bouillon.  ++
3 0.5"  "  "  T1+1  "  "  "  +0.5 "plain  "  ++
40.5"  "  "  T1+1  "  "  +0.5  " ascitic fluid.  ++
5 0.5"  "  "  Tl+1  "  "  "  "  +0.5  " meat infusion.  ++
60.5"  "  "  T1+1  "  "  "  +0.5  "peptone  solution.  +
7 0.5"  "  "  T1+1  "  "  "  +0.5  " dextrose  "  ++
8 0.5"  salt solution  + 1  "  "  "  +0.5  " ascitic bouillon.
9 0.5"  "  "  +1  "  "  "  +0.5 "plain  "  -
10 0.5"  "  "  +1  "  "  "  +0.5  " asciticfluid.  -
11 0.5"  "  "  +1  "  "  "  +0.5  " meat infusion.  -
12 0.5"  "  "  +1  "  "  "  +0.5 " peptone solution.  -
13 0.5"  "  "  +1  "  "  "  +0.5  "dextrose  "  -
14 0.5"  Culture  T1  +1  "  "  "  +0.5  "salt  "  ++
The peptone  solution consisted  of 5 per cent solution  of Witte's peptone in dis-
tilled water,  autoclaved  for  15 minutes at 15  pounds' pressure.
The  dextrose  solution  consisted of  5 per cent solution of  chemically  pure dex-
trose in distilled water,  autoclaved for  15 minutes at 15 pounds'  pressure.
presence  as  well  as  in  the  presence  of  dextrose.  The  results  are
given in Table V.  Control tubes without the addition of streptococci
showed  that  none  of  the  test  substances  cause  methemoglobin  for-
mation.
Further  experiments  with  increasing  dilutions  of  the  various
test substances  to determine the minimum amount of each substance
in the presence  of which the reaction would occur showed considerable
variation  not only in the amount required but also  in  the rapidity  of
the  change  of  oxyhemoglobin  to  methemoglobin.  No  definite  re-
lationship  could  be  determined  between  these  variable  results  and
the  molecular  configuration  of  the  substances  used,  although  the
reaction  was  usually  more  rapid  and  occurred  in  the presence  of
higher dilutions of dextrose,  lactose, saccharose,  maltose,  and levulose
than  of  the  other  substances.  Furthermore,  there  seemed  to  be  no
relationship  between  the  carbohydrate  cleavage  power  of  a  strain
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TABLE  V.
Test substance.  Bactei  Shee.l suspension.  corpuscles
T3.  P 10.  E3.
cc.  cc.
0.5 cc.  3 per cent inulin solution  ...........  0.5  1.0  +  ++  ++
0.5  "  5  "  lactose  "  .....  . 0.5  1.0  ++  ++  +--
0.5  "  5  "  "  mannite  "  ..........  0.5  1.0  +  ++  -
0.5  "  5  "  raffinose  "  ..........  0.5  1.0  ++  + +  + +
0.5  "  5  "  saccharose  "  ..........  0.5  1.0  +  ++  ++
0.5  "  5  "  salicin  "  ........  0.5  1.0  +  - +  +-
0.5  "  5  "  galactose  "  ........  0.5  1.0  +  ++  -
0.5  "  5  "  maltose  "  .......  0.5  1.0  ++  ++  + +
0.5  "  5 "  "  dextrin  "  .......  0.5  1.0  ++  ++  ++
0.5  "  5  "  "  levulose  "  .......  0.5  1.0  +  +  ++  + +
0.5  "  5  "  "  starch  "  ........  0.5  1.0  ++  +  +
0.5  "  5  "  "  glycerine  "  .........  0.5  1.0  - ++  +
0.5"  5  "  "  urea  "  ..........  0.5  1.0  - - -
0.5  "  10  "  "  methyl alcohol  ..........  0.5  1.0  - - -
0.5  "10  " "  ethyl  "  . .........  0.5  1.0  +  ++  +
All  the tubes were  incubated  at  370C. for  2
ferent strains of Streptococcus viridans.
hrs.  T3,  P10,  and  E3 are  dif-
of streptococcus  and  its ability  to form methemoglobin  in the  pres-
ence of  various carbohydrates.  Of  six strains  which  formed  methe-
moglobin  in  the  presence  of inulin,  three  fermented the  sugar, three
did not;  and of  five strains  causing  methemoglobin  formation in  the
presence of mannite, only one fermented  that substance.
Since  methemoglobin  may  be  formed by streptococci  in the pres-
ence of sugars which the organisms do not ferment, it seems improbable
that the reaction  depends  upon intermediate  or end-products formed
by the action  of  the streptococci  on the  nutrient substance  present.
Certainly  the  reaction  cannot  be  due  to  the  formation  of  carbon
dioxide,  for  carbon  dioxide  changes  oxyhemoglobin  to  a  cherry-red
color  and  such  a  change  is  never  caused  by  Streptococcus viridans.
Neither  can  the  reaction  be  due  to  the  production  of  acid,  for  if
experiments  such  as the above are  carried out with the addition  of a
mixture  of  primary  and  secondary  potassium  phosphates  so  that
neutrality  of  the mixture  is maintained,  not only does the formation
of methemoglobin still take place, but in many instances it is acceler-
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ated.  Cole'  has shown that many substances  which are supposed  to
represent  the  intermediate  and  end-products  of  sugar  metabolism
are  incapable of producing methemoglobin  except in much more con-
centrated solutions than could possibly occur in the above experiments.
It  is conceivable  that some  of  these  substances  might be  sufficiently
active  in  a  nascent  state  to  bring  about  the  reaction,  but  this  is
hardly probable.
To determine  the effect  of  the absence  of  oxygen  on the  reaction
the following experiment  was done.
A stream of hydrogen was passed through a suspension  of red blood corpuscles
for  10 minutes  and  the suspension  then covered  with  paraffin  oil.  An ascitic
bouillon  culture of  streptococci was  treated  in the  same  manner.  A measured
amount  of  the culture  was  then drawn  into a pipette  which  had  been  passed
through the oil to the bottom of  the culture  tube and was immediately added to
the suspension of red blood cells,  the pipette being  passed through the oil  to the
bottom of the tube containing  the corpuscle  suspension.  No air was allowed to
enter the  mixture.  Mixtures  so prepared  showed no  methemoglobin  formation
at the end of 2 hours' incubation,  while in the untreated control  tubes complete
transformation  of  oxyhemoglobin  to  methemoglobin  took  place  in  10  minutes.
A stream  of oxygen  was now passed through the mixture previously treated  with
hydrogen,  with the result that methemoglobin  formation rapidly occurred.  Two
tubes were then prepared each containing a like mixture of the corpuscle suspension
and an ascitic bouillon culture of streptococci.  Through one  a stream  of  oxygen
was  passed,  through  the other a  stream of  air.  The tubes  were incubated  to-
gether.  Under  these  conditions methemoglobin  formation in the tube subjected
to an excess of oxygen was considerably  delayed.  These experiments  show  that
methemoglobin formation  by Streptococcus viridans does not occur in the  absence
of oxygen  and that it is retarded in the presence  of an excess of oxygen.
It  seemed  possible  that  some  further knowledge  of  the  nature  of
the reaction during which methemoglobin  is  formed  might be  gained
by  studying  the  inhibitory  action  of  various  substances.  Experi-
ments were  done in which  diminishing  amounts of  toluol,  formalde-
hyde, sodium salicylate, salicylic acid, potassium carbonate, potassium
iodide,  alcohol,  and chloroform,  and  various sera were  added  to the
culture-sheep-corpuscle  mixtures.  The  results  in  general  were  not
of  sufficient  significance  to  make  it  profitable  to  present  them  in
detail.  In  brief  it  may  be  said  that  toluol  (1: 20),  formaldehyde
(1:2,000),  5  per  cent  sodium  salicylate  solution,  and  20  per  cent
saturated  salicylic  acid  solution  had  no  appreciable  effect  on  the
reaction.  Chloroform  in  the  proportion  of  1: 20,  ethyl  alcohol  in
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the proportion  of  1: 10,  100 per cent potassium iodide  solution in the
proportion  of  1: 5,  and  25  per  cent  potassium  carbonate  solution in
the  proportion  of  1: 5  caused  complete  inhibition  of  the  reaction.
Inhibition  of  methemoglobin  formation  in  the  presence  of  these
substances  may  be  attributed  to  a  reduction  of  the  metabolic
activities  of  the organisms  to  a minimum.
The  results  with  various  sera  were  interesting  but  threw  little
light on the mechanism  of the reaction  in question.  Normal  human
sera as a rule caused definite retardation  and partial  inhibition of  the
reaction  (Table VI).
TABLE  VI.
cc.  cc.  cc.  cc.  cc.  cc.  cc.  cc.  cc.  cc.
Culture P3...  0.1  0.1  0.1  0.i  0.1  0.1  0.  0.1 I  - 0.1
Human serum.  0.5  0.4  0.3  0.2  0.1  0.5  0.3  0.1  0.5  -
(1: 10)  (1:  10)  (1:  10)
Salt solution.  . 0.4  0.5  0.6  0.7  0.8  0.4  0.6  0.8  0.5  0.9
Sheep  corpus-
des ........  1.0  1.0  1.0  1.0  1.0  1.0  1.0  1.0  1.0  1.0
Methemoglob-
in  formation
at 37°C.
30min  .....  -_ - - +-  +  +  +  - +
1 hr .......  +-  - +  +  +  ++  ++  ++  --  ++
In other  instances  the  result was  much  less  marked.  Lyall2 has
called  attention  to  the  inhibiting  effect  of  salvarsanized  serum  on
the action of hemolytic streptococci.  In  our  experiments  salvarsan-
ized  serum  was  not  more  efficacious  than  normal  human  serum  in
its  inhibitory  action  on  methemoglobin  formation.  Normal  sheep
serum  and guinea  pig serum had  a moderate  inhibiting  action,  while
normal rabbit serum  had little effect.
Two  experiments  with  sera  from patients  with streptococcus  sep-
ticemia are of interest  in this  connection.  A  culture  of  Streptococcus
viridans E3  obtained  from  the  blood  of  a  patient  with  malignant
endocarditis  was tested in the usual  manner against  sheep corpuscles
with  the  addition  of  diminishing  amounts  of  the patient's  serum,  a
parallel  series  of  tubes  with normal  human  serum being  run at the
same  time as a control  (Table  VII).  Complete  inhibition  of methe-
moglobin formation  took place  in those tubes  to which  the patient's
serum had been added.
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TABLE  VII.
Methemoglobin formation at 37C.
Culture E3.  tionl.  puses.  Serum.  Patient's serum.  Normal human serum.
30 min.  1 hr.  30 min.  1 hr.
cc.  CC.  cc.  CC.
0.3  0.2  1.0  0.5  - - - ++
0.3  0.3  1.0  0.4  - - +-  ++
0.3  0.4  1.0  0.3  - - +  ++
0.3  0.5  1.0  0.2  - - +  ++
0.3  0.6  1.0  0.1  - - ++  ++
0.3  0.2  1.0  0.5  (1:  10)  - - ++  ++
0.3  0.4  1.0  0.3 (1:  10)  - - ++  ++
0.3  0.6  1.0  0.1  (1:  10)  - - ++  ++
0.3  0.7  1.0  - ++  ++  ++  ++
- 0.5  1.0  0.5  .
The  second  experiment  in  which  similar  results  were  obtained
was with a hemolytic  streptococcus  isolated  from the blood in a case
of  septicemia  following  tonsillectomy.  Nearly  complete  inhibition
of  hemolysis  occurred  in  the  series  of  tubes  to  which  the  patient's
serum had  been added.  This  inhibition  of  the  metabolic  activities
of the streptococci  by serum may be  concerned  with the phenomena
of  antiblastic  immunity  as  described  by Dochez  and  Avery.:
SUMMARY  AND  CONCLUSIONS.
Cultures  of  Streptococcus viridans when brought  into  contact  with
red blood  corpuscles have  the power  of  transforming  oxyhemoglobin
into  methemoglobin.  The  reaction  occurs  only  in the presence  of
living  streptococci  when  they  are  able  to  carry  on  their  metabolic
activities.  The intensity  of  the reaction  runs  roughly  parallel  with
the period of growth and multiplication of  the bacteria and gradually
diminishes  and  disappears  as  growth  ceases.  There  is  no  apparent
relation between  the activity of a given strain of Streptococcus viridans
in  producing  methemoglobin  and  its  source  or  virulence.  If  the
streptococci  are  suspended  in salt solution they are unable to  change
Dochez, A.  R., and Avery,  O. T., J.  Exp. Med.,  1916, xxiii,  61.
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oxyhemoglobin  into  methemoglobin  unless  some nutrient  substance
is present.  Of the various nutrient  substances  tested dextrose is the
most efficient in enabling the organisms  to bring about  the reaction.
The reaction does not occur in the absence  of oxygen,  and is retarded
by an  excess of oxygen.  Substances which  tend to reduce the meta-
bolic  activities  of  the  bacteria  to  a  minimum  exert  an  inhibitory
action  on  methemoglobin  formation.  While  not  definitely  proving
it to  be  so,  the  results  obtained  in  the  above  experiments  strongly
support  the  supposition  that  the  reaction  is  not  due  to  injurious
substances  produced by the bacteria  or  to products  arising  from the
decomposition  of  the  nutrient  material  present,  but  rather  to  the
metabolic  activities  of  the  bacteria  themselves  when  they  are  sur-
rounded  by  environmental  conditions  which  render  growth  and
multiplication possible.
The  exact  chemical  nature  of  the  change  of  oxyhemoglobin  to
methemoglobin  is not known, but it is probably an oxidation process
or  a  combination  of  reduction  and  oxidation  processes,  as  pointed
out by Heubner.4 As  Cole'  has  shown,  the  action  of  aminophenol
is  of great  interest  in this  connection,  in that it acts like a  catalytic
agent  in being able to transform much more hemoglobin into methe-
moglobin  than would be possible if the reaction were a simple molec-
ular one.
The  metabolic  activities  of  bacteria  are  largely  in  the  nature  of
oxidation  and  reduction  processes.  The  transformation  of  oxy-
hemoglobin  ito  methemoglobin  by  streptococci  of  the  viridans
type,  therefore, may be analogous to the action of such substances  as
aminophenol,  and  the  reaction  may  be  due  to  the  active  oxidation
and  reduction  processes  occurring  in  the  neighborhood  of  the  bac-
terial  cells.  The  failure  of  the  reaction  to  occur  in the  absence  of
oxygen  and  its  retardation  in  the  presence  of  an  excess  of  oxygen,
both with streptococci  and with pneumococci  (Cole')  would  seem  to
support  this  theory.  Such  results,  however,  may  be  due  to  the
abnormal  conditions  surrounding  the  bacteria  with  consequent
inhibition of their metabolic activities.  Cole'  concluded as the result
of his study of methemoglobin formation  by pneumococci  that since
4 Heubner, W., Arch. exp. Path. u. Pharm., 1913, lxxii,  239.
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bacteria  may  injure  red  blood  cells  apparently  by  disturbances  in
oxidation  in  the  immediate  neighborhood  of  the  organisms  rather
than by the production  of a definite  toxin, it is possible  that bacteria
may  injure  other  tissue  cells  in  a  like manner  and  that  the patho-
logical  effects  produced  by  these  bacteria  may  be  explained  on  this
basis.  The  experimental  results  recorded  above  have shown that the
formation  of  methemoglobin  by  Streptococcus  viridans in  no  way
differs from  its formation by pneumococci,  and  they lend support  to
the  theory  that bacteria may  be  injurious  to  tissues  because  of the
disturbances  in  oxidation  brought about  by  the  metabolic  activities
of  the organisms,  especially  those associated with growth and multi-
plication.  It  is believed that this  theory may  be particularly  appli-
cable  to  the  pathological  effects  caused  by  Streptococcus viridans
because  the  lesions produced by it,  whether  single  or multiple,  both
in man  and in  experimental  animals,  are  prone  to  be  localized  and
associated  with the actual presence  of the streptococci  in the lesions.